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The performance of organic photovoltaic (OPV) material systems are hypothesized to
depend strongly on the intermolecular arrangements at the donor:fullerene
interfaces. A review of some of the most efficient polymers utilized in
polymer:fullerene PV devices, combined with an analysis of reported polymer donor
materials wherein the same conjugated backbone was used with varying alkyl
substituents, supports this hypothesis. Specifically, the literature shows that higher-
performing donor–acceptor type polymers generally have acceptor moieties that are
sterically accessible for interactions with the fullerene derivative, whereas the
corresponding donor moieties tend to have branched alkyl substituents that sterically
hinder interactions with the fullerene. To further explore the idea that the most
beneficial polymer:fullerene arrangement involves the fullerene docking with the
acceptor moiety, a family of benzo[1,2-b:4,5-b′]dithiophene–thieno[3,4-c]pyrrole-4,6-
dione polymers (PBDTTPD derivatives) was synthesized and tested in a variety of PV
device types with vastly different aggregation states of the polymer. In agreement
with our hypothesis, the PBDTTPD derivative with a more sterically accessible
acceptor moiety and a more sterically hindered donor moiety shows the highest
performance in bulk-heterojunction, bilayer, and low-polymer concentration PV
devices where fullerene derivatives serve as the electron-accepting materials.
Furthermore, external quantum efficiency measurements of the charge-transfer state
and solid-state two-dimensional (2D) 13C{1H} heteronuclear correlation (HETCOR)
NMR analyses support that a specific polymer:fullerene arrangement is present for
the highest performing PBDTTPD derivative, in which the fullerene is in closer
proximity to the acceptor moiety of the polymer. This work demonstrates that the
polymer:fullerene arrangement and resulting intermolecular interactions may be key
factors in determining the performance of OPV material systems.
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